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(1) Initiate a project and collaboration that develops a new solenoid-based 
multi-detector spectrometer for FRIB/ReA that capitalizes on: 

➡ 4-T solenoid acquired by ANL 
➡ Si array techniques for solenoids 
➡ active target and TPC technologies 
➡ ReA and the ReA Energy Upgrade 
➡ high B-field auxiliary detectors 

(2) Provide impetus for: 

➡ preparation of a white paper 
➡ formation of early-stage working groups

What is the goal of this meeting?



The “FRIB/ReA” solenoid

“OR66” 4-T solenoid



Si arrays in solenoidal fields
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Si arrays in solenoidal fields
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Field	Test	and	Move	
to	ISOLDE	Hall
20th Feb:	Turned	on	but	tripped	after	a	few	
seconds	- trivial	trip	limit	issue.

21st Feb:	50A	and	0.456T	in	around	30	minutes,	
paused	for	1	hour,	2.75	T	two	hours	later.
No	interesting	pictures!

2nd March:	Moved	into	the	ISOLDE	Hall,	just	in	
time!

3rd March:	49.8%	full	after	ten	days	without	the	
cold	head.

FEB-MAR	2017

Field	Test	and	
Move	to	ISOLDE	
Hall

Location	in	ISOLDE	Hall

Magnet	support	
platform	will	be	ready	
in	May	17.

Design	of	magnetic	
shielding	front	and	
back	in	progress.
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A wide variety of nuclear structure and reaction studies with state-of-the-art 
instrumentation are anticipated at ISLA as outlined in the ISLA whitepaper [ISLA15]. 
GRETINA/GRETA can be installed at the target position of ISLA or at the general-purpose 
beam line together with auxiliary detectors. For reaction studies, the AT−TPC [Suz12] and 
a silicon detection system as presently used in HELIOS [Wuo07] are both considered to 
share the solenoidal magnet for their experiments. The general-purpose beam line serves 
as the main beam line for a wide variety of complementary detection systems envisioned 
by the community.   

 

Fig.1.3: Pre-conceptual design of the ReA12 experimental area, which includes two beam 
lines dedicated to a solenoidal spectrometer and ISLA as well as one general-purpose 
beam line. 

The expected available energies for the ReA upgrade are given in Fig.1.4. The available 
maximum energy depends on the Q/A ratio of the beams and ReAX (X=3, 6, 9, 12) is 
designed to provide at least X MeV/nucleon for very neutron-rich isotopes with Q/A of 
0.25. This specification results in much higher beam energies for proton-rich or N=Z nuclei. 
For instance, the maximum energies available for 30S at ReA12 would exceed 20 
MeV/nucleon. The additional energy increase available for proton-rich beams is important 
to employ transfer reactions with highly negative Q values such as (p,d) and (p,t). The 
detailed maximum beam energy information for each isotope is given in Fig.1.5 for ReA6 
(left) and ReA12 (right). 

 

 

FRIB/ReA

ISS SSNAP
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Experimental setup 

The SpecMAT detector consists of a time projection chamber (TPC) surrounded by a gamma 
detection array (Fig. 3). The inner detector’s volume will be filled with D2 gas, which serve as a 
target and as a sensitive medium. When interacting with the gas, reaction products leave tracks of 
ionised electrons. These electrons are collected on a charge sensitive pixelated pad plane [22]. 
Projection of a particle track on the pad plane and a charge collection time are the core data to the 
particle identification procedure. SpecMAT detector is going to be placed in a high magnetic field of 
up to 3T to reconstruct the energy of the recoiled particle based on the curvature of the particle track. 
The array of scintillation detectors will be used for gamma spectroscopy of directly populated low-
lying levels in the transfer reactions. 

 

 
Fig. 3. Design of the SpecMAT Active Target -Time Projection Chamber. SpecMAT placed in the ISS magnet 

left, exploded view of the SpecMAT right. 

 

SpecMAT will have about ten thousand output channels in combination with variety of ancillary 
detectors. To overcome the challenge of channel readout, General Electronics for TPC (GET) [23, 
24] will be coupled to SpecMAT. 

As it was shown for ACTAR TPC in [25] and MAYA detector in [26], detection efficiency of the 
reaction products in TPC might be as high as 90-100% at relatively low count rates. Similar 
efficiency we expect to achieve with the TPC of the SpecMAT detector. However, efficiency of 
SpecMAT is mainly limited by the efficiency of the scintillation array, which was simulated in 
GEANT4. Absolute efficiency of 7% was obtained for 1MeV gamma-ray detected with an array of 
54 LaBr3:Ce crystals arranged in a hexagonal shape. Each crystal in the simulation was a cube with 
1.5”x1.5”x1.5” sides. 

 

Beam-time request 

The radioactive 72Zn beam will be used for detector characterisation. The main limitations of the 
detection rate are coming from the electron drift time in the gas chamber, thereby beam intensity 
should not be higher than 1⋅106 pps in the SpecMAT detector. We expect to have the 72Zn beam from 
UCX target produced by RILIS ion source [27]. Supposing that proton beam current is 1.5µA and 
the beam transmission efficiency to the Experimental Station 2 (XT02) is the same as to Miniball, 
5%, we can estimate that the beam yield should be not more than 7⋅107 ions/µC (Table 3). 

We made the assumption that cross sections for population of low-lying states in 71-75Cu via (d,3He) 
reaction are close to the already measured cross sections in the 70Zn(d,3He)69Cu reaction, values of 

Active targets and TPCs

Major programs already 
underway 
(active targets have a long history) 

An ideal complementary 
instrument to a Si-array 
device, sharing the same 
solenoid 

Can exploit weak (<104 pps) 
beams
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channel(s) if such a decay is energetically allowed. Measuring this neutron decay channel 
provides a clean signal for the IAS [Rog04]. This will require a new design for an active 
target detector that facilitates the use of efficient neutron detection as well. 

NSCL’s AT−TPC and its prototype are examples of active-target devices which have 
already been used in several experiments with low-energy rare-isotope beams. Recent work 
includes a study of the cluster structure of 10Be using resonant scattering of a 6He beam on 
a 4He target [Suz13]. At ReA3, the first experiment using a reaccelerated beam of 46Ar at 
4.2 MeV/nucleon was recently performed to investigate the single-particle strength in 47Ar 
through measurements of its isobaric analog states in 47K. The trajectory of a proton 
scattered off the 46Ar beam is shown in Fig.2.1, where the reaction vertex has been 
reconstructed in the AT−TPC, defining the beam energy (4.0 MeV/nucleon) at which the 
reaction occurred.  However, the present energy limitations of ReA3 severely restrict the 
variety of reactions that could be used with this new detector. Inverse-kinematics transfer 
reactions such as (d,p), (p,d), (p,t), and (d,3He) are examples for which an energy upgrade 
of ReA is highly desirable to realize the full potential of these high-luminosity reaction 
tools. Unlike traditional experimental setups that use a thin inert target, the active-target 
technique enables one to determine the reaction point in the target volume by 
reconstructing the vertex of particle trajectories and hence deduce the beam energy at 
which the reaction occurred. Angular distributions measured at different beam energies can 
be summed up by taking into account the energy dependence of the diffraction patterns. 
This feature is particularly well suited for studies of the most exotic isotopes at ReA for 
which transfer reactions would be possible in a TPC with intensities down to a few hundred 
particles per second. 

Fig.2.1: Observed trajectory of a scattered proton (blue) from C4H10 gas used as an active 
target. The track follows a spiral trajectory due to the applied longitudinal solenoid field 
of 1.7 Tesla, combined with the slowing down of the proton due to its energy loss in the 
gas. The projection of the proton track on a plane normal to the beam direction is shown 
in red. The event corresponds to proton resonant scattering on 46Ar at 4.0 MeV/nucleon. 

AT-TPC

SpecMAT
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ReA
ENERGY UPGRADE

ReA and the ReA Energy Upgrade

White paper prepared in advance of the 
2016 Low-Energy Community Meeting 
following a 1-day meeting in 2015 

Lays out the outstanding scientific 
opportunities for 6-12 MeV/u beams  

(hence todays focus is dominantly on 
instrumental aspects) 
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The ReA facility provides reaccelerated beams of rare isotopes at the well-controlled beam 
energies that are required for a broad set of low-energy nuclear reactions at and above the 
Coulomb barrier. Compared to fast beams that are produced from fragmentation or fission 
reactions and separated in-flight, the small emittance of the reaccelerated beams following 
gas stopping and charge breeding is a great advantage since the required resolutions can be 
achieved without beam tracking. Figure 1.2 summarizes suitable beam energies for 
representative nuclear reactions and experimental techniques discussed in this whitepaper. 
Experimental tools for nuclear structure studies include fusion and Coulomb excitation of 
heavy nuclei at and below the Coulomb barrier and multiple Coulomb excitation at barrier 
energies that require ReA6 beam energies. Direct transfer reactions such as (d,p) and (p,d) 
become reliable at and above 9 MeV/nucleon, and higher beam energies are preferable to 
have better momentum matching conditions for high-l single-particle states in medium-
mass and heavy nuclei. Finally, an energy of 12 MeV/nucleon or above is required for 
some one- and most two-nucleon transfer reactions as well as for fragmentation-type 
reactions for studies of the nuclear equation of state. 

 

Fig.1.2: Nuclear reactions and experimental techniques envisioned for science programs 
at ReA. The reaction Q values depend largely on the case of interest, therefore, the energy 
information was chosen based on examples given in this whitepaper.  

 

A pre-conceptual design of the ReA12 experimental area is shown in Fig.1.3. Three 
additional cryomodules (E=0.085) are planned as an extension to the current ReA3 beam 
line, and each module adds about 3 MeV/nucleon beam energy. In this preliminary concept, 
the experimental area accommodates two dedicated beam lines for a solenoidal 
spectrometer and the ISLA recoil separator and includes one general-purpose beam line. 

ReA and the ReA Energy Upgrade
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Morning Afternoon



Next steps

Following the meeting we will: 

➡ prepare a white paper in advance of this years Low-Energy 
Community Meeting (Aug 3-4, Argonne), which defines the 
scope, timescale, and practicalities of the project 

➡ solicit your input and endorsement 

➡ formation of early-stage working groups to tackle the moving 
of the ANL solenoid to MSU and early set up



Somethings to think about before the discussion

The project needs a name: 

➡ How about we vote during the discussion session on all 
suggestions left on the board by the end of afternoon coffee? 

Is there anything missing? Are we being ambitious enough? 

Recoil!
detector

Silicon array

Beam Target



Some logistics
INTERNET 

R-150 is available as a quiet area 

Lunch will be in the cafeteria 

Please see me, or any of the 
conference secretaries (out 
front), if you need assistance 

Dinner (see theory group 
website for ideas) 

Meeting PHOTOGRAPH


